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RESEARCH MEMORANDUM

EFFECT OF TAPER RATIO ON LIFT, DRAG, AND PITCHING~
MOMENT CHARACTERISTICS OF THIN WINGS OF
ASPECT RATIO 3 WITH 53.1° SWEEPBACK
OF LEADING EDGE AT SUBSONIC AND
SUPERSONIC SPEEDS

By Benton E. Wetzel
SUMMARY

The results of a wind-tunnel investigation are presented which
show the effect of the variation of taper ratioc on the 1ift, drag, and
pitching-moment charscteristlcs of thin wings of aspect. ratlo 3 with
53. 1° sweepback of the leading edge. Three wings, with btaper ratios of
0, 0.2, and 0.4k, in combination with a high-fineness-ratio body were
studied in the investigation.

Measurements of the forces and moments on the wing-body combina-
tlons were obtained throughout an angle-of-attack range from -4° to0 &
maximm of +17° at Mech numbers of 0.6 to 0.9 and 1.2 to 1.9. All
models were tested at a Reynolds number of 3.0 million per foot at sll
Mach numbers. (This corresponds to Reynolds numbers varying from 2.9
to 3.6 million when based on the mean aerodynsmic chords of the models.)
In addition, the models were tested at Reynolds numbers of 4.0 million
per foot at all subsonic Mach numbers and 6.0 million per foot at Mach

numbers of 0.8 and 0.9.

Static longitudinal stability at subsonic speeds was reduced near
a 1lift coefficient of 0.5 for the wings wilith taper ratios of 0.2 and
O.4. Variation of taper ratio did not affect the minimm drag coeffi=-
cient at subsonlc speeds. At supersonlc speeds increasing the taper
ratio resulted in a slight reduction in the minimm drag coefficlent.
Drag due to 1lift was decreased at all Mach numbers by an increase in
taper ratio from O to 0.2.
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INTRODUCTION K

As part of the continuing investigation of low=aspect-ratio wings
by the NACA, the effects of taper ratio on the aerodynamic characteristics
of swept wings of aspect retio 3 at subsonic and supersonic speedse have
been investigated in the Ames 6- by 6-foot supersonic wind tumnel. This
report is devoted to the presentation and discussion of the results
obtalned during this study.

NOTATION
b 8
’ wing span N _h . fb/zczdy
¢ mean aerodynamic chord, ]%:Ei:ji;
c local chord . . o — : o .=
Cp drag coefficilent, EE%E
Cy, 1ift coefficient, iﬁgg
e gt ol R e S v o
% lift-dreg ratio ‘ o - ' - =
M free-stresm Mach number
q free-stream dynamic- pressure o - -
R Reynolds number
S wing area, including ares formed by extending the leading and
trailing edges to the plane of symmetry
i dlstance perpendicular to plane of symmetry
o engle of attack of body axis, deg
A taper ratio, the ratio of the chord at the tip to the chord at

the plane of symmetry
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APPARATUS AND MODELS

The investigation was performed in the Ames 6- by 6-foot supersonic
wind tunnel. This wind tunnel, which is fully described in reference 1,
has & closed section and is of the varisble-pressure type. It can be
operated at Mach numbers verying from 0.6 to 0.9 and from 1.2 to 1.9.
Model wing-body combinations are sting-mounted in the wind tunnel, and
the aerodynsmic forces on the models are messured with an internal
electrical strain-gage balance. A typical model installation is shown
in figure 1.

Three wing-body combinations were used during the investigation.
Sketches of the models are presented in figure 2. All of the wings
were of aspect ratio 3 and had 53. 1° sweepback of the leading edge.
A1l had an NACA 0003-63 airfoll section in a streamwise plane and had
the same plan~form area. The taper ratlos of the wings were varied
from O (a triangulsr wing) to O.hk. A1l of the wings were tested in
combination with the same circular body. The equation of the body is
included on figure 2. The wing panels were constructed of steel,
painted, and hand-sanded to a smooth finish. The smooth finish was
meintained throughout the tests.

TESTS AND PROCEDURES

Range of Test Variasbles

Iift, drag, and pltching moment were messured throughout an angle=-

f-attack renge varying from -4° to & maximm of +17° at Mach numbers
of 0.6 to 0.9 and 1.2 to 1.9. All models were tested at a Reynolds
number of 3.0 million per foot st all Msch numbers. In addition they
were tested st Reynolds numbers of 4.0 million per foot at all subsonic
Mach numbers and 6.0 milTion per foot at Mach numbers of 0.8 and 0.9.
The following teble presents the corresponding Reynolds numbers based
on the mean serodynsmic chord.

Rx10™8 Rxlo-e, based on mesn serodynamic chord
per £t A=0 A=02 | A=o0.k
3.0 3.6 3.1 2.9
L.0 1.8 o 3.8
6.0 7.2 6.2 5. 7
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Reduction of Date

Date presented in this report have been reduced to NACA coefficient
form. The pitching moment has been referred to the quarter point of the
mean serodynamic chord. The date have been corrected to account for the
differences known to exist between measurements made in the wind tunnel.
and in a free stresm. The corrections applied account for the following
factors:

1. The increase in airspeed in the vicinity of the model at sub-
gonic speed as a result of constriction of the alr stream by the walls’
of the wind tunnel.

2. The change in angle of attack of the model induced by the walls
of the wind tunnel at subsonic speeds as a consequetice of 1lift on the
model. The corrections to the data amounted to:

A% = 0.554 CL, deg
ACp = 0.0097 Cr2
OCp = O

3. The inclination of the air stgeam in theowind tunnel. These
corrections were of the order of -0.13" and -0.10" at subsonic and super-
sonlc speeds, respectively.

4. The effect on the drag measurements due to the longitudinal vari-
ation of static pressure in the test section.

5. The effect on the drag measurements caused by mounting the models
on a sting. The base pressure was measured snd the drag data adjusted to
correspond to & base pressure equal to the static pressure of the free
stream.

RESULTS AND DISCUSSION .

Lift, drag, and pitching-moment coefficients are presented in tables
I, IT, and IIT for the wings with taper ratios of O, 0.2, and 0.4, respec-
tlvely. The tabulations include dsta for all test conditions. For the
purpose of analysis, only a portion of these data is presented in graphi-
cal form. The largest part of the discussion is devoted toc the results
obtained at e Reynolds number of 3.0 million per foot, since that was the
highest Reynolds nuuwber at which data could be obtained throughout the
entire Mach number range. It will be shown, however, that the conclusions

aie) 015N IO 0
SR A ey
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drawn from results obtained at that Reynolds number also apply at a
Reynolds number of 6.0 million per foot at Mach numbers of 0.8 and 0.9.

Lift

The effect of taper ratio on the variation of the 1ift coefficient
with angle of attack 1s shown in figure 3. Increasing the taper ratio
from O to O.% had only small effect on the lift-curve slope at zero 1ift.
At angle of attack, however, variation of taper ratio resulted in large
differences in the 1lift coefficients obtained at subsonic speeds.
Increases in lift-curve slope at low to moderate angles of attack, such
as are shown in the present resulis, particularly for the wings with
taper ratios of 0.2 and 0.4, have been shown by previous tests of low-
aspect-ratio wings with thin airfoil sections (e.g., refs. 2 and 3) to
be concomitant with flow separation nesr the leading edge. Although
such flow separation results in a reduction in the lesding-edge pressures,
it generally increases the lifting pressures over the rearward portions.
The chordwise extent of the effect of separation generally incresses with
increasing spanwise distance from the plsne of symmetry. For the wings
of the present Investigation the increases in lift-curve slope at moderste
angles of attack generally were reduced as Reynolds number wes increased,
as will be shown in the portion of the discussion devoted to the effect
of Reynolds number. Examination of the 1ift and moment data at the higter
angles of attack indicated that stalled flow must have occurred at the
tip sections and that unusuaslly bigh loading occurred on the inboard
sections.

Pitching Moment

The effect of taper ratio on the variation of pitching-moment
coefficient with 1ift coefficient is presented in figure 4. TIncreas-
ing the taper ratio caused a deterioration of the static longitudinsl
stabllity at subsonic speeds, as indicated by the nonlinear veristions
of the pitching-moment coefficient with 1ift coefficient for the wings
with taper ratios of 0.2 and 0.4, The increased stetic longltudinal
stability for these wings in the low lift-coefficient range, correspond-
ing to the range in which the lift-curve slope increased with increasing
angle of attack, offers additlonal indication of the probable occurrence
of leading-edge flow separation.

Of considerably more importance, however, was the reduction of the
static longitudinal stability of the wings with taper ratios of 0.2 and
0.4 near a 1ift coefficient of 0.5 at subsonic speeds. As indicated
previously, this reduction of the longitudinal stebility must have resulted
from stalled flow at the tip sections. The degree of instability increased

m?
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with increasing taper ratioc. Serious pitch-up occurred for the wing with
taper ratio 0.4 at a Mach number of 0.6 when the moment center was located
at the quarter point of the mean aserodynamic chord. At supersonic speeds
the varlation of the pltching-mowment coefficient with 1ift coefficient for -
the wings with taper ratios of 0.2 and 0.4 also showed a decrease in static
longitudinel stability at the higher 1lift coefficients. This decrease was
measured for the wing with taper ratio of 0.4t even st a Mach number of 1.9.

Nonlinear varistions of the pitching-moment coefficient with 1ift
coefficient, similar to those obtalned for the wing with taper ratic of
0.2, can be minimized by locating a horizontal tail in a position which
takes advantage of the cheracteristics of the flow field behind the wing
(see ref. 4). It is unlikely, however, that an acceptable variation of
pltching-moment coefficient with lift coefficient can be obtained for an
alrcraft utilizing the wing with taper ratio O.4 without some modification
of the wing to delay stalling of the wing tips.

Drag

The effect of taper ratio on the variation with 1lift coefficient of
the drag coefficlent is shown in figure 5. Increasing the taper ratio -
from O to 0.2 resulted in a reduction of the drag coefficients measured ’
at moderate to high 1lift coefficients and had only small effect on the
minimim drag. These effects have been summarized in figure 6, in which =
the variation of drag coefficient with Mach number has been presented
for various 1ift coefficients. Increasing the teper ratic to 0.4 resulted
in no significant reductions of the drag coefficlent. The latter result
is in agreement with the results obtained during an investigetion of
swept wings with taper ratios varying from 0.3 to 1.0 (ref. 5). Results
presented in the referenced report showed that at high subsonic speeds
the drag due to lift was only slightly decreased by increasing taper
ratio beyond 0.3. ' ST

As a result of the reduction of drag due to 1ift vwhen taper ratio
was increased, the lift-drag ratlos of the wings with taper ratlos of
0.2 and 0.4 were generally higher than the ratios for the wing with
taper ratio of O at both subsonic and supersonic speeds, as shown in
figure 7. At subsonic speeds the highest 1lift-drag ratios were obtalned
for the wing with teper ratio of 0.2. The maximum lift-drag ratios
measured at supersonic epeeds were those for the wing with taper ratio
of 0.4, Thespe waximms were, however, only sllghtly higher than those
for the wing with taper ratilio of 0.2.

In recapitulation, increasing the taper ratio from O to 0.2 resulted
in a significent improvement of the drag characteristics. Since increas-
ing the taper ratio to 0.4 generally did not result in further significant -
improvement but led to severe pitch—up, it appeara that ‘the optimum taper
ratio 1is about 0.2, . :
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Effect of Reynolds Number

The effect of variation of Reynolds number on the 1ift, drag, and
pitching~moment coefficients at high subsonic speeds is illustrated in
figure 8, in which results obtained at a Mach number of 0.8 are presented.
Increasing the Reynolds number from 3.0 to 6.0 willion per foot alleviasted
the effect of leading-edge separation on the 1lift and pitching-moment
characteristics of the wings with taper ratios of 0.2 and 0.4k. At =&
Reynolds number of 6.0 million per foot, the lift curves were linear over
a wider range of angles of attack, and the increases in static longitudinal
stability at low lift coefficients were smaller than at a Reynolds number
of 3.0 million per foot. Because of structural limitations of the models,
tests at the highest Reynolds number were not conducted in the range of
1ift coefficients in which reduced stability occurred for the wings with
taper ratios of 0.2 and 0.k.

Since the effect of taper ratic on the veriation of the drag coeffi-
cient with 1ift coefficient was shown to be significant st a Reynolds
number of 3.0 million per foot, figure 9 haes been included to show the
variation with Reynolds number of the drag coefficients at various 1lift
coefflcients for Mach numbers of 0.8 and 0.9. Comparison of the results
for the three wings indicates that increasing the Reynolds number did not
effect materially the reductions in drag coefficient obtained as a result
of increasing taper ratio.

CONCLUDING REMARKS

A wind-tunnel investigation hes been conducted in order to deter-
mine the effect of varying the taper ratioc on the 1ift, drag, and
pitcging-moment characteristics of thin wings of aspect ratio 3 and with
53.1" sweepback of the leading edge. Three wings, with taper ratios of
0, 0.2, and 0.4k, were tested.

All wings showed the effect at subsonic speeds of flow separation
at the wing tips; the effects of separated flow were shown to increase
with increasing taper ratio. The static laongitudinal stebility at sub-
sonic speeds was reduced near a 1lift coefficlent of 0.5 for the wings
with taper ratios of 0.2 snd 0.k. Although the most satisfactory varia-
tion of pitching-moment coefficient with 1ift coefficient was obtained
for the triangular wing, used to investigate a taper ratio of O, the
degree of instability for the wing with taper ratio of 0.2 wes much less
severe than that for the wing with taper ratio of 0.L4. '
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Variation of taper ratio did not affect the minimum drag coeffi-
cient at subsonic speeds, while at supersonic speeds an increase in
taper ratio resulted in a slight reduction in the minimum drag coeffi- - —
cient. Drag due to 1lift was decreased at all Mach numbers by an B
increase 1n taper ratio from O ta 0.2.

Ames Aeronautical Laboratory :
National Advisory Committee for Aeronautics . .
Moffett Field, Calif., Oct. 20, 195k, . :
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TABLE I.- AERODYNAMIC CHARACTERISTICS OF TRIANGUIAR WING
(2) R = 3.0 million per foot

¥ a CL Cp Co H < G, Cp Cn M c CL Cp Cm
0.60 | -0.41 | =0.022|0.006T7 | 0.003 || 0.80 | 12.9% | O.T43 |0.1713|-0.080 [[1.50| -2.17{ -0.113|0.0163 | 0.028
~.68| -.037| .00T3| .003 15.06 .823 | 22171 -.093 ~3.23 | -.168] 0215 | .ok2
-l.22| -.065( .0082| .008 1711 | .913| .2811( -.109 k27| -.220| 0280 | .05%
-2.31 | -.127 -Olgg -015 18.15 .41 | .3097| -.118 09| .005| 0135 | -.00L
-3.381 -.191, . 022 36| .022] .011T | -.005
-4.47) -.253] .0230] 028 fig.90 | -.36 | -.027| .0065] .00% 90| .os1| 0122 [ -.c12
05| © <0066 | .00L -.63 | -.0%1| .0069] .007 1.96| .10k| .0155 | -.026
«33 .020| .0067 | -.002 <1.19 | -.07T6| 0080} .012 3.01L 58| .0207 | -.039
.87 050! .0076| -.005 =2.30 | ~.153| 0120} .025 .07 .211| .0271 | -.082
1.96 JA11) .0101]| -.012 -3.k1 | -.230| .0187] .036 6.17 312 .OkT | -.0T6
3.04 «173{ 0145 | -.019 k.51 | -.305| 0281 .06 8.27 413 0698 | -.100
k.11 «23%k| .0213 | ~.025 .05 002 +0062] .OOL 10.37 .508| .1011 | =-.12
.34 .361| .0k28| -.03k 35 «02T | 0065 =.002 12.46 .600| .1390 | -.146
8.18 L7 L0TAT | =039 91 <063 | 0076 =-008 k.56 681 .1816 | -.163
10.63 591 <1106 | -.0kT 2.02 | .138| .0109| -.020 15.61 T2 o -.170
:LE-T( B& '15882129 -'g; 3'5; g i -'% 7 30 015} .0113 ook
1 .90 . - - . - - - 1.T0 ~e, - . .
17.01 .884| .2683| -.069 6.0k L3 . -.058 =57 | =027} 0116 | .00T
. 921 .2975| -.073 8.63 | 561 -.07k -1.10 | -.05L| 0126 | .013
2,16 | =. 0158 | .02k
0.70 | =uB2| ~.022| 40067 .0O% [[1.20 | =34 | =.021| .010T|{ 005 :a.zl. =147| .0203 | .035
-.69| =-.037] .0072| .005 -e6l | =.037| .O111{ .010 «25 | =193 0261 | 086
«1.17| -.068| .0080| .009 =1.15 | =-.070| 0122 .018 .08 .00k | 0113 | -.00L
-2,26| -.132| .0111| .017 =2,22 | -.1kl| .0159( .036 .36 <019 0113 | =.005
-3.34 | -.196| 0161 | .02k =3.28 | -.2012{ .0217| .05k «90 «Ok5 | .0223 | -.011
~h b2} -.263} .0239 | .031 «36 | -.298| .0311| .O73 1.95 .ogg «0150 | -.022
05] © <006k | .00L .06 .00% | .0106] -.00L .00 L 0194 | -.034
.33 022 .0068 | -.002 34 «027] .0106| -.006 0k 2185 | 0251 | -0k
.88 052} 007T | =.005 .88 L062] .a117| =.015 6.13 273 | 0406 | -.065
1.98 .117| -0105 | -.01k 1.9% .128| .0152] -.0 8.22 .361| .0623 | -.086
3.06 2182 .0153 | -.02L 3.01 198 0207 = 10.31 L6 L0901 | -.1206
k.15 246| 0224 | -.028 k.06 267 0283 -.066 12.%0 52T | 1236 | =126
6.39 374 | O848 | -.038 6.20 ho51 .0510] -.100 1k.h9 605 | 162 | -.1k3
8.55 o1l LO7H8 | -.0h2 8.33 541 | .0838] -.133 . 678 | 2067 | =.157
10.71 L1k | 1162 | -.056 17.62 71k | 2311 | -.163
12. 723| 164k | .06 [ 1.30 -.3% | ~.020| 0119 .005
1k.99 808! .215k | -.069 -6l | =.033| .0323] .009 H1.90 =30 | =015 0127 | .003
17.10 891| 2726 | - 1,15} -.0686]| .0131| .OIT =57 | -.026| 0129 | .006
18.1k .921] +3000 | =. =2.21 | =127 .0268] .032 «1.10 | =047 | 0135 | 011
=3.27 | ~-.192| .0224] .0k8 -2.14 | -.000] 0060 | .021L
0.8 =34 | =.023| .0066| .003 .33 | -.256| .0299| .064 :E.ls =134 | L0199 | .031L
~63 | =-.038] .0085 | .006 .05 004 | .0120| -.001 23 | =elT5 | 0253 | .OL
-1.18 | -.073| .00T9 | .010 <33 02| .0122] -.005 .08 001| .0025 |0
-2.28| -.139} .0110| .09 .88 .05T| .Q131| =-.013 .35 .01k | .0126 | -.00k
-3.38} -.209} .0163 | .028 1.93 116 .0165] -.028 .88 .037 | .0130 | -.009
2 L7| -.276| 0250 | .036 3.00 L181 | .ozg| -.olh 1.9% .018 | 0151 | -.019
0% .002| 0061 .o 06 243 | .0292| -.060 2,97 121 %E -.029
.34 «025| .0063 | =.002 6.17 <362 0493 -.089 k.02 A62] . -.038
.90 .058| .00Tk | -.006 8.23 M80| .0782] -.116 6.10 240 .0368 | -.057
2.00 J125] .010% | -.026 10.k0 .586| J1hs| -.1k0 8.17 «318 | .055T | -.075
3.09 192 0156 | -.02% 12,50 68k . =162 10.25 366 | 0807 | =002
k.28 260 .023% | -.032 12.33 168 { .1100 | -.109
6.3T| 397 -0k69 | =043 R1.50| =.30| -.017| .0115| .o k.43 | 539 1450 | -.22%
8.6L| .506| .0785 | -.0%8 =57 | =-.030| .0115{ .008 16.%0 | .609 | 1855 | =.137
10.79 636} 1225 | -.069 =1.11 | -.058] .0123] .ol 17.54 .645 | .2080 | -.1%3
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TARLE I.- AFRODYNAMIC CHARACTERISTICS OF TRIANGULAR WING - Concluded
(b) R = 4.0 million per foot

M a cr, ¢p Cn M -3 cr, Cp Cm M [ cL Cp Cm
0.60 | ~0.43 | -0.025 t 0.0010|0.003 || 0.70 | -3.k0 [ -0.202 | 0.0166(0.02k || 0.80 2.10 | 0.130] 0.021% [-0.017
- 71| ~.042| .0075| .00k L4571 «.266] .02h7| .030 3.22 197 | .0158% -.025
“1.25¢ -.069| . 008 05| -.00L| .0066]|0 k.33 0238 -.033
-2.35 | -. .011% | .015 <34 021 | .0068|-.002 6.56 Lo5 | JOU8h 1 -.0k6
=30 | -.194 | .0162] .022 .90 055 | .0080{-.007 8.82 512 | L0805 | -.049
4,53 -.255| .0232| .028 2.01 .118 0108 |-.01k 11.03 k0| .2239{ -.069
.33 019 | .0068|-.005 3.11 1831 0153 |-.021 13.22 51| 1758 | -.082
. 052 | .0080 j-.006 L.21 249 | L0206]-.028
1.99 133 | 010k |-.013 6.49 377 | 0454 [-.039 || 0.0 -.36 | -.022| .0059{ .003
E.o‘r JAT72 | L0186 |-.020 8.68 404 | LorsT)-.0M1 -.58 1 -0kl ] .0073| .006
a7 237 | .0215(-.026 10.83 . <11TL|-.055 -1.15 | -.078 o2
6.12 .365 F .0436]-.036 13.06 725 | .1670]-.061 -2.28 | -.1%2] .o119( .023
8.60 480 | .0729 |-.039 15.19 803 | .2167|-.069 -3.50 | -.231] .0182 035
10.78 600 | .I135|-.0k8 .53 | -.305| 0275 | .045
12,96 STL6 | .1636§-.055 || 0.80 ~.36 | -.023| .0068} .003 o1l 010 . -.001
15.11 L1l 2164 |-.063 ~-.6h | -.0k0 | .0072{ .005 23 .029] .0o0o12| -.00%
17.23 8921 .2736]-.070 -1.13 { -.072 | .0080}| .010 1.02 070 | .0083 | -.010
18.30 .932 | .3049 [-.0Tk -2.2% | -.138| .ol110f| .018 2.1k A5 L0116 | -.022
-3.35 | -.205( .0162| .027 3.27 223 { 0173 | ~.034
0.70 =43 -.027 | .00TL| .003 447 | -.2T7] .0245( .035 L.ko 297 - 0k3
~T1| -.O43 | .0OTE| .005 .13 006 | L0067 (-.001 6.66 A9 | Lo5kg | - 064
-1.27T§ =-.07h | .008%{ .0C% A2 025 | .0068 [-.003 8.8¢ 588 | 0971} -.08k
-2,30 | =.137| .0115| .OL7 .99 062 | 0079 {-.008 :

(¢) R = 6.0 million per foot

M a CL, Cp Cm L @ cL -Cp Cm
0.80 | -0.38 | ~0.024 | 0.0071 | 0.003]{0.90 | ~0.39 |-0.028 | 0.0065 | 0.004
~68 | -.08k | .00T5{ -005 =81 ~.046] .0073| .00T
-1.18{ -.077} .0085| .010Q -1.21 | -.08%{ .008k] .013
-2.33 | -.1%3 | .on2| .09 ~2.39 | -.160 | .0119) .025
~3.58 | -.211 | .01661 .027 -3.56 | -.236 | .0185| .035
k.64 | -.288| .0256| .036 .75 | -.313 | .0272| 043
15 .012 | .0070| -.001 .16 016 | 0068 | ~.002
. .032| .0073 | -.004 48 037 | .0072| -.005
1.0% 065 | . -.008 1.01 0Tk | 0079} =.000
2.18 JA34 | L0107 { »e0LT 2.2 JAhkg | L0112 | 022
3.33 203 | .0159| -.026 3.h1 22k | LoLTh | -.033
4 .kg 2718 | o246 | -.03k .58 299 | 0266 | -.08
6.80 L4111 L0496 ] -.0k6 6.97 L6k | L0878 | -.065

9.12 5151 0820 | ~.0%6
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TABLE IT.- AERODYNAMIC CHARACTFRISTICS OF WING WITH TAPER RATIO OF 0.2
(2) R = 3.0 million per foot

M @ cL Cp Cn M o CL Cp Ca M @ CL CD Cn
a.6 -0.4h | -0.030 | 0.0076| 0.002] 0.80 | 12.85 | 0.795 |0.1805 [-0.081 |1.50| -2.16 | -0.118 j0.016% | 0.032
=68 | . 0075 ook 15.01 . .2338 | -.083 -3.22 -17h] . ~OkT
-1.19 | -.075| .0087| .008 17.10 945 | 28831 -. -k .26 -.230| .0282| .o062
22T}t =138 . .01k 18.18 <990 | .3218| -.097 +08 004 | 013k | O
-3.35 | -.205| .0170| .023 .36 019 | .0L1k | -.00h
bbb | o279 1 L0257 .033) 0.0 -.39 t -.032 | .0062| .oo% .89 <087 | L0119 | -.012
.02} -.006} .0066| .o01 -66 | -.05 | 0065 | .005 1.95 -103| .0150 | -.027
.30 .016 | .0068| -.001 -1.23 | -. .0081 | .o11 3.00 <1591 02021 -.0k2
.84 .ok6 | .0073| -.00% -2.33 | -.160 | 0128 .023 k.05 <2k | 0265 -.056
1.9 113§ L0099 -.012 -3.b5 | -.246 | .0191( .038 6.15 .322| .Okk0| -.085
3.01 A75 | L0137} =020 56 | -.329 | L0297 052 8.2% 428 | .0601| -.112
k.09 L2851 . -.030 .03 | -.001 | .0059| .001 10.3k 525 | 2000 -.137
6.26 .388 | .ok33§f -. .32 022 1 . ~.00L 12,43 6191 1372 | -.159
8.k3 528 | 0781} -.054 .88 057 | .0070 | -.006 1k.52 .TOL{ .1802| -.173
10.58 6R3 | 1196 -. 1.99 .132 { .0098 | -.018 17.0% .82 .2353| -.189
12.73 59 | 1703 | -.056 3.10 21k | 0154 | -.032
1k.93 . 2267 | -.057 -1 <298 | 0248 | -.04T J1.70 -.30 ~.018| .0112| .006
17.04 B3| 2842 -. 6.0k B6s b o.0536) -.072 =57 -.030| .01k | .009
18.09 979 | .31h43( -.057 8.65 . <0919 [ -.082 :;.u. -.055] 0125} .015
Q.70 -.28 | -.030| .006%| .003|]1.20 =32 | =.029 | 0099 .008 -3.20 -.151| 0205 .oko
-.55 ] -.0bk | .0069| .oOM -.59 | -.0k | .010%| .011 -5.25 -.200| .0265| .052
-1.10 | -.076 | .0c081| .008 -1.13 | -.078 | .o117| .019 .08 .003| .0112( O
-2.36 | -.181| .0l13]| .015 -2.18 | -.186 | .0156| .03T 35 .017| .0113 | -.003
-3.38 | -.210 | .0i67{ .025 -3.24 | -.219 | .0213| .057 .89 . 0118/ -.010
AT - 02591 .036 -4.30 | -.291 | .0290| .0T6 1.95 091 | 0146 | -.023
03] -.003| . .001 . o] . a 2.99 139 .0192| -.035
.20 . .0063| 0 <36 .02L | 0100 [ ~-.005 k.ok 186 0248 | -.0kT
N ) 088 | .007T0| ~.00% «90 055 | .0106| -.013 6.13 .201| .okO4| -.07L
2.03 d12 1 . -.012 1.96 21 | .01kl | -.030 8.22 .372| .0621] -.093
3.04 182 .0138] -.021 3.02 JA92 | L0193 -. 10.30 A457| 089k | -.11%
k.13 256 | .0213| -.032 .08 265 | . -.068 12.39 S5hO b 3225 -.
6.32 bo5 | o450 -.050 6.20 408 | .ou82} ~.106 1448 618 .1605| -.150
8.50 542 | .0B06| -.05% 8.32 ST | .0806 [ -.1k3 16.57 690} .20h0 | -.160
10.6h 650 | 1215 -.055
12.80 72| .17hk0| -.062f 1.30 -.31 | -.026 | 0113 .00T |1.90 -.30 ~.017| .0131] .00%
15.01 863 | .2287) -.060 -.58 | -.0k0 | .0118| .010 =57 - 013k | .008
17.12 945 | 2875 -.068 -1.22 | -.072 | .0130( .018 -1.10 -.050| 0130 .03
18.17 979 | 3176 ~.069 -2.18 | -.233 | .0169| .03k -2.1k -.004 | 0164 .02%
«3.23 | -.199 | . <052 -3.18 -.136| .0203| .034
0.8 -.37T [ -.030 | .0060} .003 -h.29 | -.266 | 0298 .O70 - =178 . .0k5
-6k | -.045 | .0066} .005 .08 .002 | .011% .08 .002] 0130 0
-1.20 | ~-. 0079 .009 .36 .019 | 011k | -.00k .35 .0tk | .0131| -.003
«2.29 | =147 | .0209| .01T7 90 0% | 0119 | -.012 .88 . 0136 -.009
-3.41 | ~.223 | 0173} .029 1.96 J13 | L0152 -.028 1.93 .080| .0157| -.020
k.51 | -. 0266 .okl 3.01 JATT | 0204 | -.0h5 2.97 JA122] .0192] -.030
02| -.002| .0059| .o0L ko7 2h2 | .0272] -.063 k.01 J165( L0213 | -.0l
.31 «019 | 0061 | -.001 6.18 <371 | .ok | -.098 6.09 . .0378{ -.061
.86 .052 | .0088| -.005 8.29 . <0757 | -.131 8.16 «327| 0567 -
1.96 Jd20 .oog -.01k 10.39 . 1111 | ~a154% 10.2% o5 | .0813] -.09T7
3.06 193 | . -.02% 12.hg .T03 | 1546 | -.173 12.32 A9 J1107| -.12%
k.5 273 | .0233| -.037 1k.39 557 | -14T0| -.131
6.37 25 | L0883 | -.05T)1.50 -.31 | -.022 | .011%| .006 16.;2 - 1866 -.1hk1
8.55 559 | .0837| -.060 -.58 | -.036 | .0117| .0l0 1T. o 20951 ~JINT
10.72 67T | 1273) -.0T1 -1.11 | -.063 | .012%| 01T ]
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TABLE II.- AERCDYNAMIC CHARACTERISTICS QF WING
WITH TAPER RATTO OF 0.2 - Concluded
(b) R = 4.0 million per foot

f

15,10
17.24
18.28

-.39
-.67

-.001
=00k,
~.011
=-.019

029
~0l5
-.052
-.0kg
-.054

-.052 0.8

-2053

0.003 | 0.TO

<005
Lok
Q22
.031

003
005

P
RBEERE PBIREL2BBLRIERR

BBE morup

Foby

45

82888s

CL

-.051
-.083
-.146

- .29k
~-.001
025

125
191

418
-533

-0.036 |0.0076
.00T8

0.003

.008
.015

.035
-.003
-.ouk
=-.023
-.032

~.052
~+060

a CL
0.32 { 0.020
.89 057
2.01 125
3.11 -
b .ol 269
6.47 Lk
8.70 55T
10.90 .673
13.09 T84
-0 -.032
=69 | -.050
-1.25 | -.087
-2.38 | -.162
~3.50 | ~.237
b4 | -a327
02 | -.002
.33 023
91 060
2.03.| .135
3.16 216
4.29 .296
6.58 469
Cp Cm
0.0075 | 0.003
0082 006
0092 .01
.0122| .020
L0187 | .031
«0300 o6
0072
L0073 | -.003
0082 008
.0105 | -.01T
L0156 | -.031
o2kl | -.083
. -.065
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TABLE IIT.~ AFRODYNAMTC CHARACTERISTICS OF WING WITH TAPER RATIO OF 0.4
(2) R = 3.0 million per foot

H 3 CL Cp Cm M @ cL Cp Ca 1 « CL Cb Cu
0.60 | -0.41 | -0.023 | 0.0078 | O 0.80 | 12.85 0.762 [ 0.1719]-0.050 [ 1.50 | -2.15 [ -0.113 | 0.0153 | 0.026
-.68| -.037| .008 |oO 1k.99 84 | 2217 -.0boO =3.20| -.172| .0203| .oul
-1.23 | -.068| .0091] .o02 17.08 903 | .2735( ~-.037 “h.o25| -.22T| L0267 .
-2.23 | -.125{ .0L12| .005 18.13 «931 | .3002| -.038 0T -006 | .0109 | -.002
-3.31{ -.192} .0163| .009 .34 @21} .0110 | -.005
4.37| -.264| .o2k2| .o19]o0.90| -.k2 -.02k | .0070] O .89 050 | 0117 -.011
Ok 002 .00701{ -.001 -.69 -0k | .0077] .01 1.95 203 | 0145 | -.024
.31 18| . -.002 -1.19 =077 | 008k} .005 2.99 160 .0192 | -.038
.86 o7 | . -.003 -2.29 -.158 | .0115) .010 h.04 215 | .0255 | -.053
1.95 108 .0106 | -- -3.k0 - 0185{ .02 6.24 322 | .042G | -
3.01 -169 | .01kg | -.0L1 .50 -.316| .0291i] .038 8.02 422 | L0661 | -.108
L.1o 251 | .o221 | -.019 05 00T 0062 | -.001 10.31 519 ) 0958 | -.
6.2¢ -385 | .oubk | -.038 .33 024 [ .0066( -.001 12.hg . 1309 | -.146
8.43 5321 .0785 [ -.053 .89 0601 .0076| -.005 14,48 82 | .18 | -.155
10.58 NoN-N . -.039 2.00 133§ .0099( -.012 16.58 57| 2298 | -
12.71 0} .1630 | -.03% 3.1¢0 210 | .0158| -.021
15.83 .833 | .2138 | -.026 PR3 294 | .0252] -.037 |1.T0 | -.30] -.017| .o110]| .oon
16.96 925 .273h | -.019 6.5 LT3 Josha| -.06T -5 | -.030| .on12| .006
18.00 956 | .301h4 | -.01k 8.64 812 | L0921 | -.078 -1.091 -.053  .0122| .12
~2.14 | -.102 | .015%.| .ok
a.70 -2 -.022| .0078 |0 1.20| -.31 -.02k | .0098] .005 -3.18 | -.153 | .0298| .037
- -.037] . 2} -.57 -.038 0105{ .008 k.22 | -.201 | . .0h9
=l.24 | -, .0092 | .003 ~1.11 -.068 | .0L15f .03k .08 007 { .0107 | ~.002
~2.25{ -.130] .0113} .006 2,17 =135 | .00Lk6| .027 .35 018 | .0109 | -.005
-3.28}1 -.197} .0M65 | .o10 -3.23 -.20% | L0195 .okl .88 043 | o115 | -.011
BT T3 L0289 .021 .29 =272 | .0269] .056 1.93 .093 o1kl | -.023
<004 | .00T1 | -.001 .08 .0093{ -.002 2.97 JAk3 | L0185 | -.035
32 019 | .0075 | -.000L .36 025 | .0097| -.005 L.ox <290 | .0243 | -.047
.87 049 | .0085 | -.003 .90 . 0110 -.012 6.10 . .0396 | ~.0TL
1.95 JA12 | .0106 [ -.007 1.96 122 | .0139| -.025 8.18 <373 « -.092
3.0k 178 | .0153 | -.012 3.01 189 [ 0185} -.039 10.25 456 (L0867 | - 112
k.3 250 .0228|-.021 L.o8 257 | 0254 | -.053 12.33 538 | . ~-
6.31 403 | .ou61 | -.0k2 6.19 395 | OWT0| -.088 14 .k 614 | 1553 | - 1k2
6.50 : .0825 | -.057 8.3 520 | 0763} =-.11T7 48 682 | .1 -.148
10.64 681 | 1197 | -.038 17.53 716 | 2212 | -.152
12.78 50| 1673 | -.036§1.30| ~.30 -.021 [ .0123{ .00
1h.92 Bho| 2179 1 -.031 =57 -.036 | 0118 .007{1.90 -.30 | -.018 | .0125 | .00h
17.03 923 | .2756 | -.025 -1.11 -.065( .o129| .ok =55 | -.029 | 0127 .006
18.08 . <3041 | ~.022 -2.16 -.128| .0159| .o2T -1.09 | -.052 | .0133| .012
-3.20 -.292 | .0208| .oh2 -2.13 | -.096 | .0L 023
0.80 2| -.022} L0077 | -.001 k.07 -255 | 0280 .057 -3.17 [ -.1k0 0198 | .033
- -.037| . a . .006 | .0L0G]| -.002 21 [ -.183 | .0253 | .043
~1.25} -.067T| .0088 | .003 . 023 { .0112| -.005 o7 .003 | .0121 {-.001
-226| -.130| .o1101 = 89 . .0123 } ~-.011 o3k .01k [ .0122 [ -.
-3.36 | -.199| .0165| .012 1.96 13 [ L0152 -.02h 87 <037 | .0127 | -.010
4451 -.280| .0255 | .028 3.0L ATT | L0197 | -.039 1.92 082 [ .01h8 | -.020
.06 «005 | .0069 | -.001L k.07 KT8 B -.055 2.96 .126 | .0183 | ~.031
.39 021 | .0073 | ~.00L 6.27 .366 | .04581 -.087 3.99 JA69 1 . -.041
.88 .053 | .0082 | -~.003 8.34 480 .0T26[ -.136 6.06 250 | 0371 | -.
1.98 .118 | .oLo2 | -.008 10.36 58k | .1065] -.135 8.13 .332 | .0%62 | -.0719
3.08 185 [ .0151 | -.01% 12.4T 682 ( k69| ~.151 10.21 R 0802 | -.096
k.16 261 | 0232 | -.025 12.27 479 | 1080 | -.111
6.37 At Lorrl-.o8831.50 | -.30 -.019 | .0111| .00k Ih, 34 Shg | .15 | -.123
8.55 555 | .0832 | -.056 -.56 -.033 | .0115f .00T 16.h1 61k | .1789 | ~.130
10.69 b2 | 1205 | -.0k2 -1.11 -.059 | .0124| .013 17.k5 649 | .2008 | -.13%




14 NACA RM AS4J20
TABLE IIT.- AFRODYNAMIC CHARACTERISTICS OF WING ~
WITH TAPER RATIO OF 0.4 - Concluded
(p) R = 4.0 million per foot
M .3 cL Cp Cm ¥ o CcL D Cm ¥ o CL Cp Cm
0.70 | -0.39 | -0.022 | 0.0075}-0.001 | 0.60 | -1.25 | -0.065 | 0.008%] 0.001L f0.80 | ©.08 | ©0.006 0.0066 | ~0.00L
- -.039 | 0076} O -2.34 -.128 (| .ol . .36 022 | .0070| -.000
-1l.2k [ -.069 | .0082{ .00L -3.3% -.188| .0158] .008 93 055 | .00T8| -.003
-2.25§ -.131 | .or12] .005 -k L3 -.258 | .023L| .01k 2.03 .17 | .0100] ~.008
-3.35| ~.196| .0160| .00% .ol 00k | 0069 -.001 3.1k .188 | .o150| -.013
b5 | 0267 | 0238 .07 .35 020] .00Th | -.000 L.26 262 1 .0228( -.023
o7 .005 | .0069| -.001 .88 051 .o082| -.002 6.49 416 ] JouThi -.0kh
36 020 | .0072] -.001 1.97 12| L0107} -.006 8.73 563 | .084%] -.052 -
.9 053 | .0082] -.003 3.06 175 L0151 | -.010 10.92 659 | a252] -.041
2.01 115 | .0105] =.007 b,ak 238 0215 | -.015 13.11 785 | .1803| -.050
3.12 AT9 | L0158 -.011 6.35 398 | Louks ] -.036
h 22 248 | 02205 -.017 8.52 5331 .0786( -. 0.90 -0 | -.024 | .0070f -.00L
6.4k 4hoo | .ouu8( -.038 10.71 L4511 1176 | -.038 -.69 | ~.0u1 | .0075| ©
8.67 551 | 0817} ~.053 12.87 57| 2657) -.032 -1.26 | -.07T6 | . .003
10.83 651 | . -.037 15.02 82 .2182| -.023 2,30 | =.147 oL18| .009
13.01 760 | L1691 -.033 17.17 O45 | .2T93 | =017 -3.43 | ~.222 | .0180| .
15.19 .858 | .2229| -. 18.31 979 | .3101 -.013 -4.38 | ~-.308 | .0276] .03
2.06 131 | .0097§ ~.010
0.60 -2 | -.022'| .0075| -.00L|| 0.80} =3.37 -.206 0159 | .012 3.18 206 { .0160] ~.018
- -.036 | .0080j 0 li.hg -.2TT| .0o2k0] .020 L.32 .286 | .0245] -.032
6.60 L4621 0535 -.062

M @ CL Cp Cm M o CL Cp Cm .
0.80 | -0.48 | -0.028 { 0.0081] O 0.90 | -0.57 [ -0.030] 0.0078 |0
-5 -.045( .0080| .00L -TT| -.046] .0079 | .0OL
-1.32| -.015% | .0087]| .002 -1.3% ] -.080( .0080 | .003
-2.39 | -.1%0| .o113| .005 2.4 | ~.a54| .0120 | .009
-3.52{ =-.20L§ .0160| .009 -3.61| ~-.23.| .0182 | .017
4 .68| ~.28L§ .02u6| .019 -k.78| -.311| .0277 | .030
.05 008 .0076| -.001 o7 010 0075 | -.002
.35 026 | .0078] ~.002 .37 0281 0078 |~-.002
. .059 | .0083] -.003 95 063 .0086 {-.005
2.08 Ja221( .0105] -.007 2.09 JA29 | L0108 | -.009
3.22 190 | «0152)] -.011 3.27 206 L0157 | -.016
L.36 258 | .0221| -.01T L. 285 .0243 | -.028
6.67 JioT | .ob73} -.081 6.78 435 0498 |~.051
8.48 535 | o743} -.05L
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Figure 1.- Model with wing of taper ratio of 0.2 installed in Ames
6= by 6-foot supersonic wind tunnel.
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(¢} Taper ratio=0.4.

Figure 2.- Dimensional sketches of wodels.
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Flgure 3.- Effect of taper ratlo on the varliation of 1lift coefficient with angle of attack;
R = 3.0 million per foot.
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Figure %,- Effect of teper ratio on the variation of pltching-moment coefficient with 1ift
coefficlent; R = 3.0 million per foot.
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Figure 5.~ Effect of taper ratio on the variation of drag coefficient with 11ft coefficient;
R = 3.0 million per foot.
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Figure 6.- Effect of taper ratio on the variation with Mach number of.
the drag coefficlents at various 1ift coefficients; R = 3.0 million
per foot. : . ' :
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Figure 7.~ Effect of teper ratio on the variation of lift-dreg ratio with 1ift coefficlent;
R = 3.0 million per foot.
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Pigure 8.- Effect of Reynolde number on aerodynemle chsracteristics of the three models at a

Mech number of 0.8.
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Figure 8.~ Continued.
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Figure 9.- Variation with Reynolds number of the drag coefficlents at
various lift coefficients for the three models at subsonic speeds.

T

NACA-Langley - 1-37-55 - 350



